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EDITORIAL
3
Estimadosleitores
Voltámosàvossapresençacomadécimasétimaediçãodanossarevistaecontinuaaverificar-seuminteressecrescentepelas
nossaspublicações.Nestaedição,destacam-seassuntosdecaráctermaiscientíficoedaíomaiornúmerodeartigospublicados
emlínguaInglesa, queesperamosquepossamtambémcontribuirparasatisfazerasexpectativasdoelevadonúmerosde
leitoresquetemosempaísesestrangeiros,ereforçaroespaçodedivulgaçãodanossarevistaporumamaiornúmerodepaíses.
Nestaediçãomerecemparticulardestaqueosassuntosrelacionadoscomasmáquinaselétricas, osveículoshíbridosea
mobilidadeelétrica.Sãotambémpublicadosimportantesartigossobresistemasdeterrasemétodosdeproteçãodedefeitosà
terraemredesdedistribuiçãodeenergia.Outroassuntoimportanteerelacionadocomaeficiênciaenergética,temhavercom
umartigosobretecnologiasdeiluminaçãobaseadosemlâmpadasLED.
OsmotoresdeMagnetePermanente(PM),oudeímanespermanentes,sãomotoresadequadosparaquasetodasasaplicações,
comobombas, elevadores, compressores, ventiladores, extrusores, geradores, veículoselétricos, servoconversores, torresde
arrefecimento, eletrodomésticos, etc. OartigoqueseapresentanestaediçãodarevistaNeutro-à-Terra, daautoriadeum
investigadordaWEG,decarátermaiscientífico,apresentaalgumasaplicaçõesemqueautilizaçãodemotoresPMpermitiram
melhoriasnaeficiênciaenergéticaenaqualidadedoprocessoemquesãoutilizados.
Outroimportanteartigoqueéapresentadonarevista,correspondenteaumtrabalhodeinvestigaçãorealizadonoISEP,tema
vercomaproteçãodedefeitosàterraemredesdedistribuição.Aopçãopelométododeterraadotadonosistematemuma
influênciadiretasobreodesempenhoglobaldatotalidadedamédiatensãodarede,bemcomosobreamagnitudedacorrente
dedefeitoàterra.Paraqualquertipodesistemasdeterra:sistemasnãoligadosdiretamenteáterra,sistemascomligaçãoà
terradebaixaimpedânciaesistemasdeterraressonantes,pode-seencontrarvantagensedesvantagens.Oartigoapresentaum
estudodetalhadosobreoassunto.
Nas ultimas décadas assistiu-seaumacentuadodesenvolvimentodos veículos híbridos elétricos convencionais. Asua
proliferaçãoencontra-sehojebemdisseminada, empraticamentetodasasgamas, refletindoaconfiançadosconsumidores.
Comvistaaatenuaraindamaisousodoscombustíveisfosseis,atendênciaedeaumentaroníveldeeletrificaçãonasversões
hibridasmaisrecentes,bemcomodaofertadeversõespuramenteelétricas.Noentanto,aevoluçãodosúltimosanos,querao
nível daapostaporpartedosfabricantes,queraonível dovolumedevendas,pareceindiciarumanovafasedeproliferação
destesveículos, aqual seencontraaindaadarosprimeirospassos. Nestaediçãodarevistaapresenta-sedoisimportantes
artigostécnicosqueabordamamobilidadeelétrica, aonível daclassificaçãodosveículoshíbridos, emfunçãodonível de
eletrificaçãodosistemadepropulsão,assimcomoumaabordagemaosveículospuramenteelétricos,fazendo-seconsiderações
acercadoimpactomundialdosveículoshíbridosPlug-inepuramenteelétricos,nosúltimos5anos.
Nestaediçãodanossarevista,aindaseapresentaoutraspublicaçõestambémmuitointeressantes,comoumartigoqueaborda
osváriosmétodosdeinstalaçãodacabossubterrâneos, umartigosobreoITED3, umartigoqueabordaosprincipais
fundamentosdadeteçãoautomáticadeincêndiosemedifícioseummuitointeressanteartigosobreoestudodasvárias
tecnologiasdelâmpadasLEDeoseuimpactonautilização.
Fazendovotosqueestaediçãodarevista“NeutroàTerra”vánovamenteaoencontrodasexpectativasdosnossosleitores,
apresentoosmeuscordiaiscumprimentos.
Porto, julho de 2016
José António Beleza Carvalho
4www.neutroaterra.blogspot.com
Visualização de páginas por país
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Abstract
Thesystemgroundingmethodoptionhasadirectinfluence
ontheoverall performanceof theentiremediumvoltage
networkaswellasonthegroundfaultcurrentmagnitude.
For anykindof groundingsystems: ungroundedsystem,
solidlyandlowimpedancegroundedandresonantgrounded,
wecanfindadvantages anddisadvantages. Athorough
studyisnecessarytochoosethemostappropriategrounding
protectionsystem.Thepowerdistributionutilitiesjustifytheir
choicesbasedoneconomicandtechnical criteria, according
tothespecificcharacteristicsofeachdistributionnetwork.
Inthis paper wepresent amediumvoltagePortuguese
substationcasestudyandastudyof neutral systemwith
Petersencoil,isolatedneutralandimpedancegrounded.
1. Introduction
Thesystemgroundinginpowerdistributionsubstationsisan
important issuefor theproper operationof theentire
network. Maingoalsof systemgroundingaretominimize
voltage and thermal stresses on equipment, provide
personnel safety, reduce communications system
interferenceandgiveassistanceinrapiddetectionand
eliminationofgroundfaults.
The choice of neutral systems has influence on the
distributionnetworkperformanceandonthechoiceof
installedequipmentprotection.Themaindifferencesamong
neutralsystemsarerelatedtothenetworkbehaviourincase
ofagroundfault.
Thereisawiderangeofneutral groundingsystemsinMV
distribution networks. The neutral conductor can be
connectedtogroundthroughdifferentways, accordingto
thetype(capacitive,resistiveorinductive),andwithitsvalue
(0toinfinite). Isolatedneutral eliminatesthefaultcurrent
flowtoearththroughtheneutralconductorbutcauseshigh
voltages. Thesolidlyearthneutral (directlyconnectedto
earth)minimizesthevoltagesurgebutitresultsinhigh
currentvalues.
Theresonant-groundedhasgainedpopularityinrecentyears
indistributionnetworks, mainly due tothe significant
increaseincontinuityservice[1]. Areactanceisinstalled,
knownasthePetersencoil,whichpermitstheadjustmentof
theinductancevaluetopreservethetuningconditionofthe
systemfor different network topologies. The variable
reactanceis connectedtothesecondaryneutral power
transformerortotheneutralofagroundingbank[2].
This grounded system protection is particularly
advantageous inrural areas, tosolvetheoccurrenceof
lightning, birdsandtreebranchescausedfaults. Inurban
areas, withmostlypermanent faults, resonant grounding
systemcanalsobeusedtoguaranteeelectrical service
continuity.
Resonantgroundingprovidesself-extinctionofthefaultarc
inoverheadlinesforabout80%oftemporarygroundfaults
[3]. Considering that about 80%of groundfaults are
temporary, weconcludethatmorethan60%ofoverhead
linegroundfaults clear without breaker tripping. High-
impedancegroundedsystemsaregroundedthroughahigh-
impedanceresistororreactorwithanimpedanceequaltoor
slightlylessthanthetotal systemcapacitivereactanceto
ground. Theneutral resistor isof suchahighvaluethat
ground faults on such systems have very similar
characteristicstothoseofresonant-groundedsystems[4-5].
Inthenextsectionswewill seedifferentgroundedsystems
andwewill analyzetheirinfluenceontheoccurrenceofa
line-to-groundfault,andtheinfluenceofdirectandresistive
faultsatdifferentnetworkpoints.
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2. EarthingGroundSystems
2.1. IsolatedNeutral
Anetworkiscalledisolatedneutralwhenthereisnophysical
connection between the neutral point of the MV
transformerandearth(Fig.1).
Theaveragevoltagedependsontheimpedancebetween
lineconductorsandtheground.Thisimpedanceincludesthe
predominantcapacitancesbetweenthelinesandearthand
leakageimpedancesofothernetworkcomponents[6].
Theresidual voltage, whichisthevectorsumofthethree
line-to-linevoltages, isneverentirelyzero. Monitoringthis
residualvoltagecanbeagoodsolution,becauseitindicates
theinsulationquality,sinceanyfaultbetweenlineandearth
causesastrongimbalancebetweentheimpedanceandthe
increaseof residual voltage. Thissystemismainlyusedin
aerial andshortlengthdistributionlines.Inthecaseoflong
distances, thecapacitancetogroundisveryhigh, causing
dangeroussituationsduetohighcurrentvalues.Becauseof
the line-to-line voltage, the network must be isolated
betweenphasesandearth[7].
ThefaultcurrentIk1canbedeterminedas3.C.w.V,where,C
isthecapacitancebetweenlineandearth, wistheangular
frequencyandVisline-to-earthvoltage.
Themainadvantageofthissystemistheservicecontinuity,
becausefaultcurrentislowandnotenoughtotriggerthe
automaticprotections, whichoccursonlyatasecondfault.
Thedisadvantageistheinabilitytoeliminateanovervoltage
transientacrosstheearth,whichcanbeabigproblemifthe
voltageistoohigh.
2.2. Solidlyearthedneutral
Inthiscase,theconnectionbetweenneutralpointandearth
isastraightlinewithzeroimpedance(Fig. 2). Thenetwork
impedance,thefaultandearthreturnsetthefaultvalues.
Usually, thecurrentintensityof alargenumberofground
faults canshowsignificant variations dependingonthe
locationandonthekindoffault,makingitmoredifficultto
reconfigurethenetwork[3]. Inthis case, line-to-ground
voltageisappliedtofault,andtheneutralpotentialremains
thesameastheearthpotential.Upontheoccurrenceofthis
fault, alargeamountofenergyisreleased[4]. Theline-to-
groundfaultcurrentisashort-circuitline-neutral, andthis
valuecanbehighenoughtotriggerprotectionsatthefirst
fault.
This systemis verygoodtoeliminateovervoltage's but
bringsdangertopeopleandservicecontinuitydoesnotexist
incaseofafault.
Thesingle-phaseearthfault current inasolidlyearthed
systemmay exceedthethree-phasefault current. The
magnitudeofthecurrentdependsonthefaultlocationand
thefault resistance. Onewaytoreducetheearthfault
current is to leave some of the transformer neutrals
unearthed.Themainadvantageofsolidlyearthedsystemsis
lowovervoltage's,whichmakestheEarthingdesigncommon
athighvoltagelevels[8].
2.3. ImpedanceEarthing
Thismethodusesanimpedance, whichcanbearesistor, a
coiloralowimpedancebetweentheneutralandtheearth.
ThissystemcanbefoundinPortugal,SpainandFrance.
Figure 1.Earth fault in isolated neutral system
Figure 2.Earth fault in solidly earthed neutral power system
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Withthisneutral systemwecanreducethemagnitudeof
currentfaultinaquicklyandsafelyway.
Theimpedancevalueisalwayshighwhencomparedtothe
linesimpedance. Thereforethesystemfaultcurrentvaries
with the fault. This current is approximately in the
magnitudeofhundredsofAmpere(100Ato2000A). This
highvalueoffaultcurrent,aswell asthepreponderanceof
componentscirculatingintheneutral impedance, makesit
easiertodetectearthfaults.
InFig. 3wecanseethecaseof aresistivecomponent
betweenneutral andearth. Analternative canbe an
inductivecomponent (Fig. 4), topartiallycompensatethe
capacitivecomponentofnetwork[6].
The inductive impedance limits the fault current and
overvoltage.Howevertheprotectionmustactautomatically
at thefirst earthfault. Toeasily detect thefault, the
inductivecurrentmustbehigherthanthecapacitivecurrent
that circulates in the system. In distribution systems
inductivecurrent valuesarebetween300Aand1000A,
because they are easier to detect, thus preventing
overvoltage's[1].
This systemlimits therangeof fault currents andthe
protectionsareeasytoimplement if thecurrent limit is
greaterthanthesystemcapacitivecurrent.Thecoil haslow
resistance,anditdoesnotdissipatealargeamountofheat
energy.InHVnetworksthissolutionismorepreferredtothe
earthresistanceone
2.4. Petersencoil/Resonantgrounded
Thisgroundsystemcanbeusedinaerialormixedlines,
implying the installationof a Petersoncoil inHV/MV
substations[9].
ThePetersencoil isalsoknownassuppressorarcs, faults
neutralizerorextinctioncoil. Thesystemswiththisneutral
pointarealsoknownasneutral resonantorcompensated
systems[10].
APetersencoil isusuallyconnectedtotheneutral of the
distributiontransformer(Fig. 5), orconnectedtothezigzag
transformer,sothatthefaultcurrentispracticallyzerowhen
afaultoccurs[4].Thecontributiontothefaultcurrentfrom
thecurrent capacityof thelines (whereagroundfault
circulates froma healthy conductor to the earth), is
compensatedbythecurrentcoil[7].
TheinductancevalueofthePetersencoil mustbeequal to
thecapacitiesofthenetwork,whichmayvary,asithappens
whenswitchingoperationsoccurinthenetwork.Whenthis
happensthesystemisfullycompensated, or100%tuned.
The modern controllers constantly monitor the zero
sequencevoltageanddetectanychangesinthecapacitiesof
thenetwork.
Thecontroller will automaticallyadjust tothenewlevel,
ensuring that the Petersen coil is properly tuned to
neutralizeanygroundfault that mayoccur[11]. Thisfast
limitationofcurrentfaultoccursautomaticallywithoutany
interventionfromanothersystem[12].
Theinductiveandcapacitivecurrents compensateeach
otherprovidedthatoneisinductive(circuitground)andthe
otheriscapacitive(healthycapacitylines).
Figure 3 and4.Resistive and Inductive Earthing, respectively
Figure 5.Petersen coil
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Currentsmaybeaddedinoppositephases, duetoaslight
coilresistancewithamagnitudeoffewAmpere.
3. CaseStudy
Inthiswork,weusea30kVdistributiongridfedbySERPA
substationinPortugal.Theobjectiveistostudyandcompare
fourdifferentneutralsystemsgivingspecialattentiontothe
resultsobtainedwhenusingthePetersencoil.Thesesystems
are: Petersencoil, intwodifferent situations; impedance
grounded; andisolatedneutral (ungrounded) - for direct
faults andresistivefaults. This studywas supportedby
software used in Portuguese distribution utility. This
softwarewasusedtoobtainlinevoltageandcurrentvalues
aftertheoccurrenceoffaults.Becausethevoltagetriangleis
relativelyundisturbed,thesesystemscanremainoperational
duringsustained, low-magnitudefaults. Self-extinctionof
groundfaultsinoverhead-ungroundedlinesispossiblefor
lowvaluesofgroundfaultcurrent.
3.1. ModellingPetersenCoil
Inthiscase, thefault current islinkedtothetuningcoil
whichlimitsthefaulttoverylowlevels, butnotexceeding
40A.ThePetersencoilneutralsystemisstudiedhereintwo
differentsituations.
Inthefirstsituation,thefaultcurrentislessthan40Aandin
thesecondoneitisbelow20A.Ideallythetuningshouldbe
automatic,generatingthelowestpossiblefaultcurrent.
Inthisstudy, theimpedancevalueofthePetersencoil isa
fixedvalue,determinedastolimitthefaultcurrentto40A,
and20Afor thetwosituations. Theresistancevalueis
ignored,becauseithasaverylowvalue.
3.2. AnalysingImpedanceCoil
Thevaluesfortheimpedanceare:
1) Impedancefor40A
2) Impedancefor20A
Theselectednetworkhasthefollowingcharacteristics:
a) Largenetwork;
b) Overheadlines-127854m(215mcables);
c) Ruralnetwork.
In Fig. 6 we can see five selected locations to take
measurements, where1islocationwheretheearthfault
occurs, 3isthefedsubstationand5isthefurthestpoint
awayfromtheearthfault.
Thefaultcurrentflowsthroughlocations1,2and3,whereas
theotherpointsonly"see"thefault,andareaffectedbyit.
Fortheneutral systemusingPetersencoil animpedance
was usedtolimit thefault current to20Aand40A,
respectively.Areactancewasusedintheisolatedsystemto
limitthefaultcurrentto300A.
3.3. DirectFaults
InthefollowingtableswepresentthevoltagevaluesinL1
lineinfault(line-earth),andthevaluesinotherlines.Tables
1and2refertothecaseofusingPetersencoil andlimiting
thefaultcurrentrespectivelyto40Aand20A.
=30 000  (1) 
= √3 = 30 000√3 =17 321  
(2) 
 
= = 17 32140 =433,013 Ω  
(3) 
= = 17 32120 =866,025 Ω  
(4) 
Figure 6.Study network
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Table3referstotheuseofneutral reactance, andtable4
referstotheneutralisolatedsystem.
Thefaultoccursinlocation1, andlocation2istheclosest
point.Inbothpointswecannoticeastronginterferencein
therespectivevoltagevalues. Infault lineL1thevoltage
dropstozeroinlocal1,andpracticallytozeroinlocal2,inall
  Voltage 
  L1 L2 L3 
  pu angle (°) pu angle (°) pu angle (°) 
Po
in
t 
1 0 - 1,717 -149,3 1,706 149,9 
2 0,003 -30,3 1,715 -149,3 1,704 149,9 
3 0,022 -32,3 1,709 -149,1 1,697 149,8 
4 0,011 -31,3 1,713 -149,2 1,702 149,8 
5 0,011 -31,3 1,713 -149,2 1,702 149,8 
 
situations.Asexpected,inL2andL3linesvoltagevaluesrise
inalldifferentsituationsandnetworkpoints.
Thisincreasedvoltagevaluesinhealthyphasescandamage
someequipmentisolationorreduceitslife.Inall situations
wecanobserveastrongshiftoftheneutralpoint.
3.4. ResistiveFaults
Wealsostudiedtheimpactofresistivefaultsinline-earthL1
underthreesoilconditions.Thefaultimpedancedependson
thesoil characteristicsandtheconditionswhenthefault
occurs. Thus, wesimulatethefaultforthecaseof10, 500
and1000ohm. Inthefollowingfigures wecanseethe
voltagevaluesinlinesandletusanalyzethedropvoltagesin
eachsituationofthefourneutral systemsconsidered:BP40
–Petersoncoil 40A, BP20- Petersoncoil 20A, REAN–
InductiveimpedanceandISOLADO–isolatedsystem.
  Voltage 
  L1 L2 L3 
  pu angle (°) pu angle (°) pu angle (°) 
Po
in
t 
1 0 0 1,702 -148,6 1,681 149,8 
2 0,006 -29,7 1,699 -148,6 1,679 149,7 
3 0,042 -31,6 1,687 -148,2 1,665 149,5 
4 0,021 -30,6 1,694 -148,4 1,673 149,7 
5 0,021 -30,6 1,694 -148,4 1,673 149,7 
 
Table 1.Petersen coil –40 A
Table 2. Petersen coil –20 A
Table 3.Inductive impedance 
  Voltage 
  L1 L2 L3 
  pu angle (°) pu angle (°) pu angle (°) 
Po
in
t 
1 0 - 1,717 -149,3 1,706 149,9 
2 0,003 -30,3 1,715 -149,3 1,704 149,9 
3 0,022 -32,3 1,709 -149,1 1,697 149,8 
4 0,011 -31,3 1,713 -149,2 1,702 149,8 
5 0,011 -31,3 1,713 -149,2 1,702 149,8 
 
  Voltage 
  L1 L2 L3 
  pu angle (°) pu angle (°) pu angle (°) 
Po
in
t 
1 0 - 1,732 -150 1,732 150 
2 0 - 1,732 -150 1,732 150 
3 0 - 1,732 -150 1,732 150 
4 0 - 1,732 -150 1,732 150 
5 0 - 1,732 -150 1,732 150 
 
Table 4.Isolated system
Figure 7.Resistive faults (10 Ω)
Figure 8.Resistive faults (500 Ω)
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Inthethreedifferentsoil conditionswecannoticethatas
thesoilresistivityincreases,thevoltagedrops.InFigs.7and
8,dropvoltageisverysmall,remainingverycloseto1pu.
Usuallyinresistivefaults, thevoltageincreaseinhealthy
linesisnotsohighasinthedirectfaults. Thatresultsin
fewerproblemsinequipmentinsulationandlifetime.Inboth
directandresistivefaultstheneutraldisplacementoccurs.
4. Conclusions
Indirectfaults, except inthecaseof theisolatedneutral
systeminpoint3,andfortheremainingsystems,itisvisible
aslightincreaseinvoltagevalues,becausepoint3islocated
inSERPAsubstation,whichfeedsthestudiednetwork.Inall
systemswecanobserveastrongdisplacementoftheneutral
point.
Thedefaultcurrentislimitedbytheneutral atstake.Inthe
caseoftheisolatedneutral,defaultcurrentiszero,because
thefaultloopdoesnotclose, andthusnofaultcurrentis
generated. UsingthePetersenCoil thefault current is
limitedto40Aand20A, respectivelyinthetwosimulated
situations, whichis oneof theadvantages this system,
becauseinbothwecanpracticallyeliminatethefaultcurrent
whenthecoilistuned.
After thefault occurrence, thevoltagesystembecomes
unbalanced,asshownintheprevioustables.
Thisisbecauseofthedropvoltageinthefaultylineandthe
healthyphasesincrease.
Theneutralpointusingthereactanceneutralisthesituation
inwhichvoltagedropsarenotsohigh; however, thefault
currentisthehighest.
Indirectfaults, aswell asinresistivefaults, thecurrentis
limitedbythetypeofneutral system. Thelowerthefault
currentlimitandthehighersoil resistivity, thelessisthe
voltagedropacrossthefaultline(L1),andthelowerincrease
involtageinhealthylines(L2, L3), exceptfortheneutral
pointisolated.Inthiscase,upontheoccurrenceofafaultin
phaseL1, thehealthyphasesarealwayssubjecttoline-to-
linevoltage.
Inbothcases,forresistiveanddirectfaults,displacementof
neutralpointdoesoccur.
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